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INTRODUCTION
Development of the technology in the field of digital cameras, computer vision and 3D reconstruction from the images has brought the close range photogrammetry to a high degree of popularity (Jurjević, L. et al., 2017) . Furthermore, the implemented automatisms and algorithms in multi-image photogrammetry software both with the low cost of digital cameras have led many architectural operators to approach this methodology. In particular, thanks to the implementation of the Structure from Motion (SfM) approach also in the software for the close range photogrammetry and drones, low cost software, easy to use and with high performance and accuracy, have been developed. With these software dense point clouds, high resolution orthophotos and other photogrammetric products can be obtained for accurate and fast documentation of architectural heritage (Grillo et al., 2019 , Giannattasio et al., 2013 . This contrasted the multi-image photogrammetry (CRP), based on SfM, to the Terrestrial Laser Scanner (TLS) methodology, the latter, in fact, since it provides fast and comprehensive survey of objects , stable results and visualization of data in the form of digital 3D models. This contrasted the multi-image photogrammetry (CRP), based on SfM, to the Terrestrial Laser Scanner (TLS) methodology, the latter, in fact, since it provides fast and comprehensive survey of objects, stable results and visualization of data in the form of digital 3D models (Bartoš, K. et al. 2014 ). Furthermore, the CRP has many advantages respect to TLShigher accuracy for shorter imaging distances (< 5 m), relatively easy data collection, easy use software, high radiometric resolution of final point cloud and relatively low purchase costs of the photogrammetric system (Fraštia, 2012) . In fact, there are many applications that use multi-image photogrammetry such as the modeling of facades (Fritsch, D., et al. 2013) , buildings (Alidoost, F., et al. 2015 , Hanan, H., et al. 2015 , monuments , Murtiyoso, A. et al., 2017 , etc. Today even the CRP has shown itself able to obtain quality data with high informative value, reliable information about the position of objects, about their geometrical properties and also about radiometric characteristics of their surfaces. Moreover, the development of a considerable number of open source or free software for multi-image photogrammetry that allow 3D reconstruction from images from digital cameras even at low cost, has further contributed to the spread of multi-image CRP. The paper presents an overview of some Open Source software for multi-image photogrammetry based on the SfM approach in order to verify the degree of accuracy achievable in the 3D model reconstruction of an architecture. The test was done on the dome of the Basilic of the Beata Vergine Assunta in Guasila (Sardinia), chosen for its relevant historical and aesthetical values as well as for the complex issues concerning the geometry, the state of conservation of its structures and the painted surfaces that need to be soon restored. The dome was surveyed with a Canon EOS M3 camera and images processed with 3 different Open Source software based on SFM. These are VisualSFM, OpenDroneMap and Regard3D. For the validation of the results, the images have also been processed with the Photoscan commercial software by Agisoft. The dome was also surveyed with the Faro Focus 3D TLS. All point clouds were compared with each other using Open Source Cloud Compare software.
PHOTOGRAMMETRIC OPEN SOURCE SOFTWARE

The current state
The possibility to obtaining 3D information from images is closely related to the ability to identify the corresponding points of the images that took the same object (Bartoš, K., et al. 2014 ).
In the classical photogrammetry this has always been performed manually by an operator, while with the advent of digital photogrammetry and the development and application of computer vision algorithms, automatic and semi-automatic procedures have been favoured. This approach, called Structure from Motion, has led to an almost completely automatic photogrammetric process. Indeed, the Structure from Motion allows the generation of 3D data from a series of overlapping images, using the same basic principles of stereoscopic photogrammetry. However, it differs from conventional photogrammetry, since the geometry is reconstructed simultaneously using a highly redundant, iterative bundle adjustment procedure (Szeliski, R., 2010) . This process works by automatically identifying correspondence points in multiple images without requiring the specific presence of Ground Control Points (GCPs). It is important to emphasize that this approach is more suited to sets of images with a high degree of overlap that capture the complete three-dimensional structure of the scene seen from a wide range of positions.
In figure 1 the workflow of 3D model generation of architectural heritage with SFM approch.
Figure 1: 3D model workflow
In this work 3 open source software have been tested which will be described in the following paragraphs.
VisualSFM
VisualSFM (Fig. 1) is a GUI application for 3D reconstruction of objects from images using the SfM approch. The software developed by Chanchang Wu in collaboration with the University of Washington and Google, was used for the images alignment by means of the SfM technique (Wu Ch., 2011; Wu Ch., 2007) . The dense matching plug-in integrated in its interface, PMVS/CMVS, made by Yasutaka Furukawa, was employed to generate the dense cloud (Furukawa, 2010 
Regard3D
Regard3D is a SfM software that can create 3D models from objects using a series of images taken of this object from different viewpoints.
To obtain a 3D model, the following steps are performed:
 for each image, features are detected. Features are points in an object that have a high probability to be found in different images of the same object. For each feature, a mathematical descriptor is calculated.  The last step is called "Surface generation". The point clouds are used to generate a surface, either with colored vertices or with a texture.
Figure 4: Regard3D
THE TEST
The dome of the Beata Vergine Assunta Basilic
The photogrammetric survey and all images processing with the OS software were performed for the 3D model of the dome of the Basilica of the Beata Vergine Assunta. The Basilic, designed in 1839 by one of the most important architects in the ninetieth Sardinia context, Gaetano Cima, and officially open to the cult in the 1852, was built in partial overlapping on an older ruined Baroque church demolished for its state of obsolescence (Virdis et al., 2003) . It is a 'temple' with a central plan, considered as first example of neoclassic architecture on the local panorama of religious architectures. The church is preceded by a pronao constituted by six Doric columns and two lateral pillars, that support a triangular tympanum with the inscription of the monument to the Vergine Assunta. The central body, wide 28 metres of diameter, is covered by an ample dome with a lantern based on four massive pillars each of which is placed side by side by two elegant Doric columns opening to six lateral chapels. .
Figure 5:Aerial view of the Basilic
An element of significant value is the dome of this basilic, clearly inspired by the Pantheon in Roma, in this period example of innovation and classicism for all the religious architecture in Europe. The hemispheric structure, based on a tambour, is wide 16 metres and it is closed by a lantern replaced probably in 30s during restoration works. The structure is built in two different materials: local sandstone for one third of the hemisphere and the rest in bricks according to the coeval building techniques. Internally, the dome is completely painted with 24 sectors constituted by geometric and floral elements designed by the same architect plainly influenced by the neoclassic style in terms of details and colours. Unfortunately, the poor ability of the builders and their scarce skills on similar structures drove towards several static problems, increased by the low quality of building materials. In 1978, the high level of rain infiltrations caused the detachment of around the 15% of the total surface of painted plasters (400 mq), whereas the rest was characterised by several cracks. For that reason, a specific restoration work, financed by the Superintendence, was realised repainting all the internal dome but leaving unsolved the real issues of its ongoing decay. 
Methodology
The survey dome was done both with a low cost Close Range Photogrammetry (CRP) system and with a Terrestrial Laser Scanning technique (TLS).
The aim was to verify the level of accuracy possible reachable with the low cost CRP system and the software tested: VisaulSfM, WebODM and Regard3D. The low-cost Close Range Photogrammetric (CRP) system included a digital camera Canon EOS M3 with a sensor CMOS 22.3x14.9 mm and a 24.2 Megapixel resolution; objective EF-S 18-55 mm; the output data formats are Exif 2.3 (JPEG) and RAW (CR2 Canon original). The photogrammetric survey with the EOS M3 was performed using a mobile platform, with distances between the camera position and the dome varying between 3 and 8 m. 97 images have been acquired by the EOS M3 and processed with different software open source on an HP Z420 workstation with 64 GB RAM, Intel Xeon E5-16200 3.60 GHz CPU, and NVIDIA Quadro K2000 video card. The images were processed also with the software Photoscan Agisoft, the commercial photogrammetric software widely used and tested. The processing was done with high resolution and the point cloud obtained had 114.453.295 points. The dome was also surveyed with the Faro Focus 3D TLS. Only one scan was carried out, from ground level, at a resolution setting of ¼ with 3x quality, corresponding to a resolution of 7 mm / 10 m. In this way a point cloud with 9.309.845 points was obtained. 
RESULTS
The CRP dense point clouds from OS software have been compared with point cloud from Photoscan software and from the TLS survey. This comparison was done both comparing the measurements of distances taken on the point clouds obtained from different CRP surveys and different software and TLS surveys, and comparing the point clouds themselves using the CloudCompare software (Open Source Software). Specifically, this analysis was done by calculating the minimal distance between every point of the models using the nearest neighbour algorithm. Furthermore, the software allows the calculation of statistical values, such as the minimal distance, maximal distance, average distance, and standard deviation. Table 2 reports the results of the comparisons between the point clouds obtained with TLS and the point clouds from Photoscan. 
DISCUSSION AND CONCLUSIONS
The paper describes the test about a 3 different software Open Source for the photogrammetry multi-images: VisualSfm, OpenDroneMap and Regard3D. In particular we wanted to test the accuracy and functionality of this OS software and compare it to those already extensively tested by Photoscan, as well as to the 3D model coming from a TLS survey. The use of VisualSfM was easy and immediate, with faster processing times especially compared to those of Photoscan. One problem encountered was the georeferencing, which was a long and not very automated process. As shown in figure 7 , however, despite having a few centimeters of accuracy, the dome was not completely reconstructed with respect to Photoscan. Even Regard3d software is easy and immediate to use, the accuracy achieved is good. The number of points in the cloud is not very high and even its reconstruction is not complete ( figure  8 ). ODM presented some problems in the processing that was done only with the Default procedure, even the accuracy is higher than the other two software. The number of points is much higher. The tests will carry on by also testing the other processing methods. The software is very easy to use, and the calculation process is completely automatic. These first results obtained can be considered reassuring since the chosen architecture had a difficult geometry and the painting, with repetitive decorative elements, can create problems for the recognition of the points. The research carries on by continuing to test the software in their different potentials and in their processing methods. The final and complete results will be published shortly.
